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INTRODUCTION 

The o p t i c a l  advantages and d a t a  handl ing  c a p a b i l i t i e s  of F o u r i e r  transform in-  
f r a r e d  (FT-IR) ins t ruments  have l e d  t o  a resurgence  of t h e  use of i n f r a r e d  spec t ro-  
scopy f o r  t h e  c h a r a c t e r i z a t i o n  of energy r e l a t e d  m a t e r i a l s .  Most of t h e  work t h a t  
has  so  f a r  been r e p o r t e d  has  involved t h e  c h a r a c t e r i z a t i o n  of c o a l .  Methods f o r  t h e  
q u a n t i t a t i v e  de te rmina t ion  of  minera l  matter (1-5) and v a r i o u s  s t u d i e s  of  the  
organiccomponents of  c o a l  (6-13) have been publ i shed .  The only paper ( t o  our know- 
ledge)  concerning t h e  a p p l i c a t i o n  of FT-IR t o  t h e  s tudy  of  s h a l e  w a s  repor ted  by 
Solomon and Miknis (14 ) .  These a u t h o r s  cons idered  t h e  a n a l y s i s  of b o t h  t h e  minera l  
and organic  components. However, theyrepor ted  a number of problems wi th  the 
minera logica l  a n a l y s i s  of  c e r t a i n  s h a l e s ,  p a r t i c u l a r l y  t h e  de te rmina t ion  of t h e  car -  
bonates  p r e s e n t  i n  samples from Colorado. The a n a l y s i s  of  t h e  o r g a n i c  component was 
confined t o  t h e  a l i p h a t i c  C-H s t r e t c h i n g  reg ion  of t h e  spectrum n e a r  2900 cm-l. Un- 
f o r t u n a t e l y ,  t h e s e  bands a r e  o f t e n  a l l  t h a t  is d e t e c t a b l e  of  t h e  o r g a n i c  component 
i n  t h e  i n f r a r e d  s p e c t r a  of s h a l e s .  

I f  FT-IR i s  t o  provide  f u r t h e r  i n s i g h t  i n t o  s h a l e  s t r u c t u r e  and composition, 
some of  t h e  problems a s s o c i a t e d  w i t h  m i n e r a l o g i c a l  a n a l y s i s  i s i l l h v e t o b e  so lved .  
terms of t h e  c h a r a c t e r i z a t i o n  of t h e  o r g a n i c  component, s t u d i e s  of kerogen should 
provide  more informat ion  concerning chemical  s t r u c t u r e  than allowed by an a n a l y s i s  
of whole s h a l e .  I n  t h i s  communication we w i l l  cons ider  pre l iminary  r e s u l t s  of 
spply ing  FT-IR t o  t h e s e  p a r t i c u l a r  problems. 

In 

FT-IR ANALYSIS OF MINERAL MATTER I N  SHALE 

The q u a l i t a t i v e  i d e n t i f i c a t i o n  of t h e  major minera l  components p r e s e n t  i n  a 
number of s h a l e  samples us ing  d i s p e r s i v e  i n f r a r e d  techniques  was r e p o r t e d  by Estep 
e t  a1 (15). In most of t h e  s h a l e s  cons idered  t h e  major minera l  s p e c i e s  were car-  
bonates  and t h e  c l a y s  i l l i t e  and montmor i l lon i te .  Because of  t h e  o v e r l a p  of t h e  
bands of t h e s e  components, a q u a n t i t a t i v e  a n a l y s i s  could n o t  be performed. We have 
d iscussed  i n  a number of p u b l i c a t i o n s  t h e  advantages and u t i l i t y  of FT-IR i n  t h e  
a n a l y s i s  o f  such complex multicomponent systems (1-5). E s s e n t i a l l y ,  a l i b r a r y  of 
t h e  s p e c t r a  of minera l  s t a n d a r d s ,  s t o r e d  i n  d i g i t a l  form on d i s k  o r  magnetic tape,  
is used t o  ana lyze  t h e  s h a l e  ( o r  c o a l  low temperature  ash)  under c o n s i d e r a t i o n .  
The spectrum of t h e  s t a n d a r d  is  s u b t r a c t e d  from t h a t  of t h e  s h a l e .  The s u b t r a c t i o n  
parameter t h a t  r e s u l t s  i n  t h e  complete e l i m i n a t i o n  of t h e  bands of t h e  p a r t i c u l a r  
m i n e r a l  being s u b t r a c t e d  then  provides  a measure of  t h e  weight  f r a c t i o n  of t h a t  
minera l  p resent  i n  t h e  s h a l e .  There a r e  some s u b t l e t i e s  t o  t h e  method t h a t  can be 
a p p l i e d ,  such as t h e  use of l e a s t - s q u a r e s  s p e c t r a l  f i t t i n g  programs ( 4 ) ,  b u t  t h e  
method is  r e l a t i v e l y  s t r a i g h t f o r w a r d  and w i l l  be  demonstrated below. However, 
b e f o r e  proceeding t o  t h i s  i l l u s t r a t i o n  i t  is  necessary  t o  emphasize t h e  c r i t i c a l  i m -  
por tance  of  sample p r e p a r a t i o n .  

In i n i t i a l  work (1) w e  ground s a m p l e s  i n  a Wig-L-Bug i n  t h e  presence of  300 mg 
of KBr, SO t h a t  s tandard  i n f r a r e d  p e l l e t s  could be  subsequent ly  pressed .  Optimum 
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g r i n d i n g  times were determined f o r  our  p a r t i c u l a r  g r i n d i n g  equipment. 
h p o r t a n t  t o  n o t e  t h a t  absorbance v a l u e s  i n  t h e  f i n a l  s p e c t r a  of  minera ls  and 
s h a l e  should be l e s s  than 1 .0 ,  t o  ensure  a l i n e a r  r e l a t i o n s h i p  between t h e  amount 
Of m a t e r i a l  i n  t h e  i n f r a r e d  beam and t h e  i n t e n s i t y  of  t h e  a b s o r p t i o n  bands (Beer- 
Lambert law). This  i n  t u r n  r e q u i r e s  t h e  use  of an  a c c u r a t e  micro-balance, s i n c e  
optimum r e s u l t s  are u s u a l l y  obta ined  wi th  between 0 . 1  and 0.2 mg of  sample f o r  
c l a y s  and between 0.3 t o  0 . 5  mg f o r  most o t h e r  minera ls .  
n a t u r a l l y  dependant on t h e  type of equipment used and could be  as long a s  30 mins 
f o r  o l d  equipment o r  a s  l i t t l e  as 45 s e c s  f o r  new, more v i c i o u s ,  ins t ruments .  

Recently a problem w i t h  t h i s  method of sample p r e p a r a t i o n  a s  appl ied  t o  t h e  
hard minera ls  has  been poin ted  o u t  t o  us  by E l l i o t t  and co-workers (16). The ab- 
s o r p t i o n  va lues  f o r  minera ls  such a s  q u a r t z  and dolomi te  can be  d r a m a t i c a l l y  in-  
creased by pregr inding  t h e  minera l  w i t h  j u s t  a smal l  amount of K B r  ( 2 5  mg) fol lowed 
by f u r t h e r  gr inding  wi th  t h e  rest of t h i s  a l k a l i  h a l i d e  (275  mg). However, t h i s  
procedure produced less s a t i s f a c t o r y  r e s u l t s  f o r  t h e  c l a y s ,  presumably due t o  
agglomerat ion and subsequent  poor mixing of t h e s e  m a t e r i a l s  under severe  g r i n d i n g  
condi t ions .  Consequently, our  procedure has  been modified t o  account  f o r  t h e s e  

It i s  
' 

The g r i n d i n g  t i m e  w a s  
\ 

.. r e s u l t s  in t h e  fo l lowing  manner. 

1) Clays are prepared us ing  t h e  method o u t l i n e d  above. With t h e  new model 
Wig-L-Bug only 45 seconds of  g r i n d i n g  a r e  r e q u i r e d .  

2 )  Quar tz  and carbonate  samples a r e  prepared by f i r s t  g r i n d i n g  the  m i n e r a l  
with 25 mg of  KBr f o r  30 seconds.  
procedure) is then  added t o  t h e  c a p s u l e  and t h e  material is ground f o r  
another  30 seconds.  

The rest of  t h e  KBr (275 mg i n  o u r  

Because of t h e  preponderance of 'hard '  minera ls  i n  most s h a l e  s a m p l e s ,  t h e  
l a t t e r  method was used i n  sample p r e p a r a t i o n .  Our i n i t i a l  s t u d i e s  i n d i c a t e  t h a t  
t h e  problems encountered by Solomon and Miknis (14) i n  de te rmining  carbonates  i n  

' s h a l e  could ( a t  l e a s t  i n  p a r t )  be  due t o  sample p r e p a r a t i o n  problems. Carbonate  
minera ls  have s t r o n g  bands near  1400 cm-l, b u t  d i f f e r e n t  s p e c i e s  a r e  more c l e a r l y  
d i f f e r e n t i a t e d  by t h e  c h a r a c t e r i s t i c  bands n e a r  880 and 720  cm-1. The peak 
p o s i t i o n s  of four  d i f f e r e n t  carbonate  samples are l i s t e d  i n  Table  1. Figure  1 
compares t h e  i n f r a r e d  s p e c t r a  of two d i f f e r e n t s h a l e s .  The s t r o n g  bands a t  882 and 
729 cm-1 i n d i c a t e  t h a t  t h e  most p r e v a l e n t  carbonate  p r e s e n t  is dolomite .  We 
o r i g i n a l l y  considered t h a t  it would be a s t r a i g h t f o r w a r d  t a s k  t o  s u b t r a c t  t h e  bands 
of t h i s  minera l  thereby  r e v e a l i n g  t h e  presence  of o t h e r  c a r b o n a t e s ,  which could 

' then be analyzed. 
, t h e r e  still  remained c o n s i d e r a b l e  a b s o r p t i o n  a t  882 c m - l .  

bands i n  t h i s  reg ion ,  b u t  a t  d i f f e r e n t  f r e q u e n c i e s  ( s e e  Table  1 ) .  One p o s s i b l e  
, explana t ion  is t h e  presence of isomorphous c a t i o n  s u b s t i t u t i o n  i n  t h e  dolomi te .  It 

has  been shown t h a t  Fe can r e p l a c e  Mg i n  t h e  dolomi te  s t r u c t u r e  i n  cont inuous ly  
v a r i a b l e  propor t ions  t o  g i v e  a n k e r i t e .  (17)  The spectra of a n k e r i t e  samples w e  
had a v a i l a b l e ,  however, showed frequency s h i f t s  as w e l l  a s  i n t e n s i t y  changes com- 
pared t o  t h e  spectrum of dolomite .  F i n a l l y ,  a t  t h e  moment w e  were about t o  abandon 
t h i s  problem i n  d e s p a i r ,  we found t h a t  t h e  sample p r e p a r a t i o n  procedure recommended 
f o r  hard minerals  by E l l i o t t  e t  a 1  (16) provided a s o l u t i o n  t o  t h e  a n a l y s i s  of  
sha le .  
t a i n e d  them i n  t h e  form of l a r g e  p a r t i c l e s .  Pregr inding  i n  t h e  presence of t h e  rest 
of t h e  KBr, r e s u l t e d  i n  a change o f  t h e  r e l a t i v e  i n t e n s i t i e s  of t h e  882 and 729 cm-l 
bands, a s  shown i n  F igure  2.  
of t h e  two dolomite  samples from t h a t  of t h e  s h a l e  a r e  shown i n  F igure  3.  It can 
be Seen t h a t  t h e  s u b t r a c t i o n  of t h e  dolomite  prepared  accord ing  t o  E l l i o t t  e t  a 1  
(16) worked very w e l l  l e a v i n g  carbonate  bands t h a t ,  i n  f a c t ,  corresponded t o  one 
of our  a n k e r i t e  s t a n d a r d s .  Consequently, w e  b e l i e v e  i t  is  now p o s s i b l e  t o  o b t a i n  
a good q u a n t i t a t i v e  a n a l y s i s  of  minera l  matter in s h a l e ,  b u t  t h e  importance of 
c a r e f u l  and reproducib le  s a m p l e  p r e p a r a t i o n  procedures  i n  such a n a l y s i s  cannot b e  
overemphasized. 

' 

However, we found t h a t  i f  t h e  729 cm-I band w a s  s u b t r a c t e d  o u t  
Other  carbonates  have 

We had a l r e a d y  preground o u r  s h a l e  samples i n  t h e  Wig-L-Bug as w e  had ob- 

The d i f f e r e n c e  s p e c t r a  obta ined  by s u b t r a c t i n g  each 
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FT-IR d e t e r m i n a t i o n  of t h e  m i n e r a l o g i c a l  composi t ion of a set of s h a l e  samples 
(Green River s h a l e ,  Mahogany Zone) is now be ing  performed. 
presented  i n  Table  2 ,  b u t  are a t  t h e  time of w r i t i n g  incomplete  i n  t h a t  t h e  a n a l y s i s  
of the c l a y  component could n o t  be performed. 
i s  shown i n  F igure  4 and t h e  c l a y  component is  c h a r a c t e r i z e d  by a s t r o n g  band near  
1040 cm-1 and a second weak band n e a r  470 cm-l. 
i l l i t e  o r  montmor i l lon i te  s t a n d a r d  i n  our  s p e c t r a l  l i b r a r y  t h a t  provided a match i n  
terms of  band p o s i t i o n s  and r e l a t i v e  i n t e n s i t i e s .  We a r e  p r e s e n t l y  a t tempt ing  t o  
s e p a r a t e  t h i s  c l a y  from t h e  s h a l e  i n  order  t o  o b t a i n  t h e  c o r r e c t  "s tandard".  

The i n i t i a l  r e s u l t s  a r e  

A spectrum of one of t h e  s h a l e  samples 

Unfor tuna te ly ,  w e  could not  f i n d  an 

I 

The n e c e s s i t y  of usinp, minera l  s t a n d a r d s  f o r  a n a l y s i s  may a t  f i r s t  s i g h t  seem 
a major  d i sadvantage  of  t h e  FT-IR method. However, a l l  o t h e r  techniques  (eg x-ray 
d i f f r a c t i o n )  f o r  q u a n t i t a t i v e  a n a l y s i s  a l s o  r e l y  on s t a n d a r d s  f o r  c a l i b r a t i o n .  A t  
least w i t h  i n f r a r e d  s u b t r a c t i o n  methods s u b t l e  d i f f e r e n c e s  i n  t h e  c h a r a c t e r  and 
composition of a p a r t i c u l a r  m i n e r a l  i n  a s h a l e  r e l a t i v e  t o  a "s tandard" can become 
apparent .  
t h a t  of a s h a l e  is i l l u s t r a t e d  i n  Figure 5. I f  t h e  882 cm band is subt rac ted  t o  
t h e  b a s e l i n e ,  a s  shown i n  t h e  d i f f e r e n c e  spectrum i n  t h i s  f i g u r e ,  t h e  725 cm-1 band 
is s l i g h t l y  n e g a t i v e ,  i n d i c a t i n g  over  s u b t r a c t i o n  of t h i s  band. However, subt rac t -  
i o n  based on t h e  e l i  i n a t i o n  of t h e  882 cm-I band is probably c o r r e c t ,  s i n c e  the  
very s t r o n g  1450 om-' band i s  e l i m i n a t e d  by t h i s  procedure.  The complete d i f f e r e n c e  
spectrum i s  shown i n  F igure  4 and i t  can be seen t h a t  wi th  t h e  1450 cm-1 band sub- 
t r a c t e d  a weak absorbance c e n t e r e d  near  1460 cm- l  remains and t h i s  band can be 
assigned t o  CH bending modes of t h e  o r g a n i c  component. 
of t h e  7 2 8  ban3 between t h e  spectrum of  t h e  dolomi te  p r e s e n t  i n  t h e  s h a l e  and t h a t  
of t h e  s t a n d a r d  i s  probably due t o  the  presence of  a smal l  amount of i r o n  i n  the 
dolomite l a t t i c e .  FT-IR can only be  used t o  q u a n t i t a t i v e l y  determine major mineral  
components, b u t  t h e  s e n s i t i v i t y  of the spectrum t o  such s u b t l e  e f f e c t s  i n d i c a t e s  
t h e  r e l a t i v e  ease of s e l e c t i n g  t h e  c o r r e c t  s t a n d a r d .  
minera l  n a t u r a l l y  l e a d s  t o  obvious ly  d i s t o r t e d  d i f f e r e n c e  s p e c t r a .  However, the  
a n a l y s i s  w i l l  only be  a s  good as t h e  s t a n d a r d s  a v a i l a b l e ,  and we a r e  p r e s e n t l y  ex- 
t ending  o u r  minera l  l i b r a r y  t o  i n c l u d e  a number of  dolomite  and a n k e r i t e  samples so 
a s  t o  cover a range of  composi t ions.  

FT-IR ANALYSIS OF KEROGEN 

For example, t h e  s u b t r a c t i o n  of t h e  spectrum of-? dolomite  sample from 

The d i f f e r e n c e  i n  i n t e n s i t y  

S u b t r a c t i o n  of t h e  wrong 

1 

Solomon and Miknis (14) demonstrated t h a t  t h e  a l i p h a t i c  C-H c o n t e n t ,  as measured 
by t h e  i n t e n s i t y  of  t h e  C-H s t r e t c h i n g  mode near 2920 cm-l, c o r r e l a t e d  reasonably 
w e l l  w i t h  o i l  y i e l d .  We have determined similar r e s u l t s  i n  i n i t i a l  s t u d i e s .  Figure 
6 shows the  a l i p h a t i c  CH s t r e t c h i n g  reg ion  of t h r e e  s h a l e  s a m p l e s .  The p l o t s  have 
been made on  t h e  same absorbance s c a l e ,  a l though t h e  b a s e l i n e s  have been o f f s e t  f o r  
c l a r i t y .  The o i l  y i e l d  of t h e  samples decreased  i n  t h e  samples going from t h e  top 
spectrum A t o  t h e  bottom C ,  t h e  v a l u e s  be ing  3 3 . 6 ,  20.3  and 14.2 g a l l o n s  p e r  ton,  
r e s p e c t i v e l y .  Not s u r p r i s i n g l y ,  t h e  i n t e n s i t y  of t h e  CH s t r e t c h i n g  modes is pro- 
p o r t i o n a l l y  h igher  i n  t h e  sampifs  y i e l d i n g  t h e  l a r g e s t  q u a n t i t y  of o i l .  
t h e  peak h e i g h t  of t h e  2920 cm bands a g a i n s t  y i e l d  o r ,  a s  shown i n  F igure  7 ,  organic  

carbon content ,  shows a roughly l i n e a r  r e l a t i o n s h i p  (more s c a t t e r  i s  observed i n  the  
p l o t  of absorbance a g a i n s t  o i l  y i e l d ,  and our  r e s u l t s  are s i m i l a r  i n  t h i s  r e s p e c t  to 
those  obtained by Solomon and Miknis ( 1 4 ) ) .  S ince  Kerogen is  a multi-component 
system we would a n t i c i p a t e  some v a r i a t i o n s  i n  t h e  width a t  h a l f  h e i g h t  of t h e  bands 
from sample t o  sample. 
a r e a s  (from curve-resolved s p e c t r a ) .  Determinat ions of t h i s  type  should c e r t a i n l y  
prove a u s e f u l  t o o l  f o r  a s s a y i n g  o i l  s h a l e s ,  b u t  i n  terms of s t r u c t u r a l  charac te r -  
i z a t i o n  i t  n e c e s s i t a t e s  t h e  use o f  c a r e f u l ,  wel l -def ined curve r e s o l v i n g  techniques 
and w e  have d i s c u s s e d  such methods i n  terms of t h e  a n a l y s i s  of c o a l ( l 8 ) .  Der iva t ive  
methods a r e  used t o  determine t h e  number o f  curves  i n  a s p e c t r a l  p r o f i l e  and a l s o  
provide  i n i t i a l  e s t i m a t e s  of t h e  v a l u e s  o f  v a r i o u s  band parameters  (peak p o s i t i o n ,  
width a t  ha l f -he ight )  used i n  t h e  subsequent  curve r e s o l v i n g  process .  I f  these  
procedures  a r e  fol lowed we can have a high degree  o f  conf idence  i n  t h e  r e s u l t s .  
r e s o l u t i o n  of  t h e  C-H s t r e t c h i n g  r e g i o n  i n t o  f i v e  bands i s  shown i n  F igure  8. A l l  

' 

A p l o t  of 

Consequent ly ,  we a r e  a l s o  i n  t h e  process  of determining peak 

The 
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O f  t h e s e  bands can be r e a d i l y  i d e n t i f i e d  from w e l l - e s t a b l i s h e d  group f requencies .  
The bands a t  2924 and 2855 cm- a r e  t h e  asymmetric and symmetric s t r e t c h i n g  modes 
( r e s p e c t i v e l y )  of methylene u n i t s ;  t h e  bands a t  2956 and 2872 cm-I a r e  t h e  
a s m e t r i c  and symmetric s t r e t c h i n g  modes of methyl groups;  t h e  2895 cm-I band has  
a c o n t r i b u t i o n  from lone C-H groups,  b u t  over tone  and combinat ions of bending modes 
near  1450 cm-l a l s o  absorb a t  t h i s  f requency.  Curve r e s o l v i n g  of t h z  C-H s t r e t c h -  
i n g  reg ion  has  proved very  s u c c e s s f u l ,  w i t h  a s t a n d a r d  d e v i a t i o n  o f  - .2  f o r  t h e  
i n i t i a l  set of  o i l  s h a l e  samples. 

If w e  ob ta ined  v a l u e s  o f  t h e  e x t i n c t i o n  c o e f f i c i e n t s ,  r e l a t i n g  i n d i v i d u a l  band 

It has  been shown t h a t  
i n t e n s i t i e s  t o  t h e  c o n c e n t r a t i o n  of t h e  corresponding f u n c t i o n a l  groups,  t h e n  w e  
would have a t  our  d i s p o s a l  u s e f u l  s t r u c t u r a l  in format ion .  
p a r a f f i n  s t a n d a r d s  can be  used t o  o b t a i n  e x t i n c t i o n  c o e f f i c i e n t s  f o r  t h e  a n a l y s i s  of  
petroleum f r a c t i o n s  (19.20). However, i n  o r d e r  t o  be  a b l e  t o  u s e  e x t i n c t i o n  co- 
e f f i c i e n t s  from long cha in  p a r a f f i n s  (which can be  r e a d i l y  prepared  as K B r  p e l l e t s ,  
u n l i k e  t h e  s h o r t e r  cha in  m a t e r i a l ) ,  we  must determine whether t h e  kerogen is 
s u f f i c i e n t l y  s a t u r a t e d  and c o n t a i n s  sequences of  CH2 u n i t s ,  so t h a t  e x t i n c t i o n  co- 
e f f i c i e n t s  can be t r a n s f e r r e d  w i t h  minimal e r r o r .  

This knowledge can b e  determined from t h e  700 t o  900 cm-I r e g i o n  of t h e  
spectrum, where c h a r a c t e r i s t i c  bands can be  ass igned  to a l i p h a t i c  CH 
and aromat ic  C-H out-of-plane bending modes. 
kerogen obta ined  from one of  o u r  Green River  s h a l e  samples is shown i n  F i g u r e  9 ,  
where i t  is  compared t o  t h e  spectrum of a kerogen obta ined  from a Rio Blanco s h a l e .  
These samples w e r e  prepared a t  Gulf RCD by consecut ive ly  washing t h e  whole s h a l e  
wi th  HC1,  HF and HCL a c i d s  t o  remove t h e  minera l  components. 
kerogen from Green River  s h a l e  is dominated by a band a t  724 cm 
of  t h e  CH 
Consequenzly, w e  can have a h igh  degree  of  conf idence  i n  apply ing  e x t i n c t i o n  
c o e f f i c i e n t s  determined from v a r i o u s  p a r a f f i n s  t o  t h e  a n a l y s i s  o f  t h i s  s h a l e .  
However t h e  Rio Blanco s h a l e  a l s o  d i s p l a y s  over lapping  bands n e a r  730, 745 and 
820 cm-i c h a r a c t e r i s t i c  of 3 ,2  and lone CH2 groups,  r e s p e c t i v e l y .  This  s h a l e  would 
n o t  seem t o  be a c a n d i d a t e  f o r  a n a l y s i s  based on e x t i n c t i o n  c o e f f i c i e n t s  determined 
from long  chain p a r a f f i n s .  
have a small c o n t r i b u t i o n  from aromat ic  bending modes, and more work is  necessary  
t o  s o r t  o u t  such r e l a t i v e  c o n t r i b u t i o n s .  We a r e  s t i l l  i n  t h e  p r o c e s s  of apply ing  
t h e  e x t i n c t i o n  c o e f f i c i e n t s  determined from p a r a f f i n s  t o  t h e  a n a l y s i s  of o u r  Green 
River  s h a l e  samples ,  bu t  t h e s e  r e s u l t s  c l e a r l y  demonstrate  a number of impor tan t  
p o i n t s .  
reg ion  of t h e  spectrum of s h a l e  r e v e a l s  impor tan t  s t r u c t u r a l  in format ion .  I n  
a d d i t i o n ,  t h e  d i f f e r e n c e s  i n  t h e  s p e c t r a  of v a r i o u s  s h a l e s  i n  t h i s  r e g i o n  o f  t h e  
spectrum sugges ts  t h a t  a s i n g l e  s e t  of e x t i n c t i o n  c o e f f i c i e n t s  w i l l  probably n o t  
prove adequate  f o r  a n a l y s i s  of a l l  s h a l e s .  
have t o  be  determined accord ing  t o  t h e  sequence d i s t r i b u t i o n  of  CH2 u n i t s  and t h e  
presumably corresponding degree  of branching  of  t h e  a l i p h a t i c  s t r u c t u r e  p r e s e n t .  

F i n a l l y ,  i t  is  important  t o  b r i e f l y  i n d i c a t e  t h a t  o t h e r  types  of  s t r u c t u r a l  

rocking  modes 2 This reg ion  of  t h e  spectrum o f  a 

$f spectrum o f  t h e  
, c h a r a c t e r i s t i c  

rocking mode of sequences of f o u r  o r  more methylene u n i t s  (21). 

I n c i d e n t a l l y ,  t h e  bands a t  820 cm-l and 745 c m - l  could 

The most important  of  t h e s e  is  t h a t  an  examinat ion of  t h e  CH2 rocking  

I n s t e a d  a range of v a l u e s  w i l l  probably 

informat ion  can be  obta ined  from t h e  i n f r a r e d  spectrum of  kerogen.  
t h e  spectrum of  a kerogen from Green River  s h a l e  and it can be  seen t h a t  t h e r e  
is a complex of bands between 1800 and 1500 cm-l. 
a lmost  c e r t a i n l y  due t o  c a r b o x y l i c  a c i d  groups,  b u t  high frequency s h o u l d e r s  due t o  
o t h e r  carbonyl  s t r u c t u r e s  are apparent  ( p o s s i b l y  e s t e r s )  and a s t r o n g  band near  
1630 cm-I  i s  a l s o  i n t r i g u i n g .  
could ie due t o  a romat ic  s t r u c t u r e s ,  a h i g h l y  conjugated hydrogen bonded carbonyl  
o r  COO groups. FT-IR s t u d i e s  of  a c i d  and a l k a l i  washed m a t e r i a l  and methylated 
samples ( t o  conver t  COOH groups t o  e s t e r s )  should c l a r i f y  t h e s e  assignments  and 
a l low f u r t h e r  s t r u c t u r a l  in format ion  t o  be  obta ined .  

F igure  10  shows 

The band n e a r  1700 cm-1 is 

By analogy w i t h  t h e  spectrum of  c o a l  (13) t h i s  band 
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TABLE 1 

CHARACTERISTIC BANDS IN THE FTIR SPECTRA OF CARBONATES. 

Bands 
Origin cm-1 

Hancock County, Illinois 876 
727 
713 

Eiginvin Twp., Ontario 

Nova Scotia 

Unknown Origin 

TABLE 2 

882 

a73 

729 

741 

a77 
713 

MINERALOGIC ANALYSIS OF GREEN RIVER SHALE SAMPLES 
WEIGHT % OF WHOLE SHALE 

Microcline Quartz Dolomite Calcite Aragonite 

10 15 22 15 15 

15 15 35 - - 

a 15 25 10 9 

10 16 30 9 14 

15 15 20 15 11 

12 15 27 a 14 

12 17 35 7 10 

10 16 34 9 15 

5 16 28 15 11 

10 i a  35 10 - 
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Figure 9: A. FT-IR spectrum (950-700 C m l )  o f  kerogen from R i O  Blanc0 
shale. 8. FT-IR spectrum of kerogen from Green River shale. 

Figure 1 0 :  FT-IK spectrum of kerogen from Green River s l ~ s l e  

130 


